In this paper, the interaction of an evanescent wave with a slab made of negative refraction index medium is discussed. It is found that this slab can not cancel the decay of an evanescent wave and thus it can not be used to realize a perfect lens.
Introduction
In Pendry's letter [1] , the limitation of the conventional lens is addressed and an unconventional alternative is suggested. It is a lens made of negative refractive index medium. It can focus light even in form of a parallelsided slab. Furthermore, it focuses light in a double focusing manner. The primary message delivered by Pendry is that this medium can cancel the decay of evanescent waves and thus can be used to fabricate perfect lens. After careful study, we discover that his message is problematic.
Evanescent Wave and Surface Wave
In Pendry's letter [1] , a proof is present to show that a medium of negative refraction index can cancel the decay of evanescent waves. Let us assume a S-polarized light in vacuum. The electric field is given by
where the wave vector,
implies exponential decay. At the interface with the medium some of the light is reflected,
and some transmitted into the medium,
where
Eq. (1) and (4) imply that k y is zero. It seems that Pentry makes his discussion with a scheme in his mind, which is depicted in Fig.1 .
However, this scheme is valid only in the case where both k z and k x of the incident wave are real. When k z is imaginary, the scheme should be quite different (see Fig.2 ).
In EM domain, a wave which propagates along x direction with a decreased amplitude along z direction is called a non-homogeneous plane wave. It is also referred as a surface wave because its propagation follows the guidance of the surface that excites it. A surface wave will be observed or excited in the optically sparser half space of an interface when a plane wave impinges on this interface from the optically denser half space with such a large incident angle that a total reflection occurs. It is illustrated in Fig.3 . Assuming a plane wave impinges on interface I from left half space filled with a medium with higher permittivity (i.e.
be wave numbers in free space and the medium with higher permittivity respectively. When θ in > arcsin (k 0 /k d ), total reflection occurs and the wave on the free space side of interface I will be a surface wave. It will propagate along x direction with decreased amplitude distribution along z direction. From the power flow point of view, a surface wave carries zero power flow in z direction because the reflected wave inherits all the power flow in this direction from the incident wave. This is where total reflection obtains its name. In x direction, the power flow distribution is completely different. The incident and reflected wave share the same power flow in the incident half space and the transmitted wave possesses its own power flow in its own space. They obtain their power flow in x direction at the very beginning of their excitement. If another medium with negative refraction index (designated by ε and µ ) is presented in the definition half space of the surface wave (Fig.4) , the power flow of this surface wave in x direction will also cover the space occupied by this negative refraction medium unconditionally. For the wave inside the negative refraction medium, chance is that its wave number in z direction, i.e. k z , may become real and part of the power flow in x direction will thus be distributed into z direction. Whether this will happen or not depends on the optical denseness of the negative refractive medium. If ω 2 c −2 εµ < k 2 x holds, k z is still imaginary and the wave remains as a surface one in and out of this negative refraction medium (see Fig.4 ). The magnitude of electric field near Interface II will always larger than that near Interface III.
When
z is positive and k z will be real, no matter what sign it is. This means it will propagate in both x and z directions and we say it turns into propagation one (Fig.5) . The ultimate wave in this medium will be a stationary one due to repeated reflection. The wave going out of the second surface of this negative fraction medium will be a surface wave again since in free space k z has no opportunity to be a real number in the present case. Now we are facing a critical problem. What is the optical denseness of the so-called "negative refraction index medium"? If we take the same assumption as Pendry [1] that is, ε = −1 and µ = −1 , the square of its wave number, k 2 = ω 2 c −2 εµ remains the same as the one in free space, i.e. k 2 = k 2 0 . This means that the evanescent or surface wave will not turn into propagation one when going through a slab made of negative refraction index. 
Conclusion
It is not appropriate to discuss the behavior of an evanescent wave or a surface wave in presence of a dielectric slab with positive or negative refraction index using method suitable only for propagation waves. A slab with negative refraction index will not cancel the decay of an evanescent wave and thus it can not be used to realize a perfect lens.
